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(54) Package having re-sealable end closure and method for making 



(57) A package having a re-sealable seal is formed 
from a flexible sheet having its opposite longitudinal 
edge portions sealed together to form a tubular structure 
with a permanent longitudinal seal. Two permanent end 
seals are formed transversely across the tubular struc- 
ture to seal the product Inside the package. A re-s sala- 
ble seal Is formed adjacent one of the permanent seals. 
The re-6ealable seal is formed by a pressure-sensitive 
adhesive applied to a first region of the inner surface of 
the sheet proximate the one permanent seal and a heat 
seal coating applied over the pressure-sensitive adhe- 



sive so as to cover the pressure-sensitive adhesive, and 
a heat seal coating applied over a second region of the 
Inner surface of the sheet. The first and second regions 
of the inner surface are placed in contact with each other 
and the heat seal coatings thereon are sealed together 
to initially form the re-seaiable seal. When the first and 
second regions of the sheet are pulled apart upon open- 
ing of the package, the pressure-sensitive adhesive 
separates from the first region and remains with the sec- 
ond region. The second region Is pressed against the 
first region to reclose the package. 
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Description 

FIELD OFTHE INVENTION 



[0001 ] The present Invention relates to flexible prod- 
uct packages and, more particularly, to a flexible product 
package having a resealable closure. 

BACKGROUND OF THE INVENTION 

[0002] Product packages having reclosure mecha- 
nisms are often employed for packaging products in sit- 
uations where the consumer may wish to remove only 
a portion of the product and to reclose the package. Par- 
ticularly with the current popularity of "fat-free" food 
products, some of which readily dry out if left exposed 
to atmosphere, there Is a significant Interest on the part 
of the product manufacturers In easily and inexpensively 
produced packaging which can be repeatedly opened 
and reclosed. Flexible packaging produced from flexible 
sheet materials are generally favored for reasons of 
cost, functionality, and marketing appeal. 
[0OO3] Various types of reclosure mechanisms have 
been developedfor recloslng a flexible package to keep 
unused portions of a food productfresh. Many of these 
mechanisms are separately manufactured articles 
which are added to the package either in a subsequent 
manufacturing step or by the consumer, such as zip- 
pers, reclosure tapes or tabs, seal strips, clips, and the 
like. However, such mechanisms are disadvantageous 
because they necessitate additional manufacturing op- 
erations and materials, thus Increasing manufacturing 
cost. Accordingly, efforts have been made toward de- 
veloping adhesive-based reclosure mechanisms for 
flexible packages, since such packaging Is readily pro- 
duced on automated flexible web-handllng machinery 
and does not require additional components such as 
zippers or the like. 

[0004] The challenge In making a reclosure mecha- 
nism which relies on adhesive for reseallng is that an 
adhesive which may be suitable for forming the original 
package seal, which must have sufficient strength and 
Integrity to prevent inadvertent opening of the package 
and to keep the product fresh during handling and ship- 
ment, Is generally different from the type of adhesive 
which Is desirable from a reseallng point of view. Cold 
seals, hot-meits, and heat seals provide good seal 
strength and are thus suitable for forming original pack- 
age seals. Unfortunately, such materials do not gener- 
ally provide sufficient reclosure capabilities. Pressure- 
sensitive adhestves can be repeatedly removed and 
reattached to suitable substrates and thus can provide 
reclosure capabiiitles. However, pressure-sensitive ad- 
heslves do not provide sufficient closure strength to form 
reliable original package seals in many applications. 
Furthermore, because pressure-sensitive adhesives 
are inherently tacky and will stick to almost any surface 
they come In contact with, automated handling of sheets 



or webs to which pressure-sensitive adhesives have 
been applied Is ditf teutt. For example, the pressure-sen- 
sitive adhesive may become stuck to the rollers of an 
apparatus, a problem known In the Industry as "picking. 
5 " Additionally, the webmay stick to Itself when It is wound 
Into a roll and stored prior to being used, a problem 
known as "blocking." 

[0005] Accordingly, pressure-sensitive adhesives are 
commonly used In conjunction with backing layers of pa- 
rt) peror othermatertal to which a release coating hasbeen 
applied, as shown In U.S. Patent No. 3,827,625. When 
It Is desired to operate a seal employing such a pres- 
sure-sensitive adhesive mechanism, the backing layer 
is removed to expose the pressure-sensitive adhesive, 
is and the pressure-sensitive adhesive Is pressed against 
a cooperating part of the package to effect a closure, 
whether an original seal or a reclosure of a previously 
opened seal. Alternatively, the backing layer is perma- 
nently attached to the cooperating part of the package 
20 to effect an original seal, and the substrate which carries 
the pressure-sensitive adhesive Is peeled from the 
backing layer to open the original seal, as shown in U. 
S. Patent No. 3,272,422. In either case, reclosure Is ef- 
fected by pressing the pressure-sensitive adhesive 
25 against the cooperating part or the backing layer. 
[0006] The disadvantages of such closure mecha- 
nisms are that additional material and manufacturing 
operations are required to form the backing layer, and 
the strength of the original seal is only as good as the 
so strength of the pressure-sensitive adhesive, which as 
previously noted is insufficient in many cases. 
[0007] The assignee of the present application has 
previously developed a reclosure mechanism for a flex- 
ible package, as disclosed In co-pending U.S. Patent 
35 Application Serial No. 09/203,269, which is Incorporated 
herein by reference. The "269 application describes a 
package having a re-sealable seal formed by a layer of 
pressu re-sensltive adhesive applied to the inner surface 
of one portion of the packaging sheet adjacent an edge 
40 thereof, and a layer of a cohesive material such as a 
cold seal or heat seal applied over the pressure-sensi- 
tive adhesive and over a surface of an opposing portion 
of the sheet that is placed In contact with the one portion 
and sealed thereto to form a package seal. When the 
43 seal Is first opened, the pressure-sensitive adhesive de- 
taches from the one portion of the sheet so that It Is at- 
tached to and exposed on the opposing portion of the 
sheet. The package Is reclosed by pressing the two por- 
tions together to cause the pressure-sensitive adhesive 
so to stick to the one portion. The *269 application further 
describes that a second seal may be formed immediate- 
ly adjacent to the edge of the sheet outward of the re- 
sealable seal so as to improve the strength of the orig- 
inal package seal along this edge. The second seal Is 
55 formed by a strip of the cohesive material applied to the 
inner surface of the sheet without the interposition of any 
pressure-sensitive adhesive, facing portions of the 
sheet being sealed together along the edge via this strip 
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of cohesive. 

SUMMARY OF THE INVENTION 

[0008] The present Invention was developed to fur- 
ther Improve upon the package disclosed In the *269 ap- 
plication, with a particular emphasis being to provide a 
package especially suitable for vertical form, fin. and 
seal (VFFS) applications. Where a cold seal material is 
used for forming the re-sealable seal and second seal 
In the package of the *269 application, the seals do not 
develop their full strength Immediately upon sealing, but 
rather can take a substantial amount of time, up to sev- 
eral hours, before they reach their full strength. Imme- 
diately after sealing, these seals tend to be fairly weak, 
and thus may not be capable of withstanding the forces 
exerted on them In a VFFS packaging operation, where 
the weight of the package contents bears upon the seal 
when the package Is filled. Cold seal materials also tend 
to be tacky and will not flow freely through VFFS ma- 
chines. The present Invention was developed to ad- 
dress these problems. 

[0009] In accordance with a preferred embodiment of 
the present Invention, a package having a re-sealable 
seal is formed from a flexible sheet having its opposite 
longitudinal edge portions seated together to form a tu- 
bular structure with a permanent longitudinal seal ex- 
tending lengthwise therealong. Two opposite perma- 
nent end seals are formed transversely across the tu- 
bular structure to seal the product Inside the package. 
At one end of the package, a re-sealable seal is formed 
adjacent the permanent end seal. In this embodiment 
the package Is opened at the end of the package having 
the re-sealable seal. The re-sealable seal Is formed by 
a pressure-sensitive adhesive applied to a first region 
of the Inner surface of the sheet proximate the end seal 
and a heat seal coating applied over the pressure-sen- 
sitive adhesive so as to cover the pressure-sensitive ad- 
hesive, and a heat seal coating applied over a second 
region of the Inner surface of the sheet. The first and 
second regions of the Inner surface are placed In contact 
with each other and have the heat seal coatings thereon 
sealed together so as to form the re-sealable seal. 
[0010] In an alternative embodiment of the invention, 
the re-sealable seal Is formed so as to extend longitudi- 
nally along the package adjacent to the permanent lon- 
gitudinal seal. In this embodiment, the package is 
opened along the longitudinal seal. 
[0011] The heat seal coating provides a relatively 
strong seal immediately upon sealing. This is advanta- 
geous particularly for VFFS applications where the re- 
sealable seal Is at one end of the package such that the 
weight of the package contents bears upon the seal. In 
a preferred embodkrtent of the Invention, the sheets In- 
ner surface comprises a heat-sealable material. The 
sheet can comprise a lamination of more than one layer, 
the Inner layer comprising a heat-sealable material. Al- 
ternatively, heat seal coatings can be applied to the In- 



ner surface of the sheet for making the permanent heat 
seals. The permanent seals are formed by heat sealing 
via the heat-sealable material on the innersurface. Pref- 
erably, the seal coating covering the pressure-sensitive 
5 adhesive Is also a heat seal coating. Accordingly, the 
permanent seal and the adjacent re-sealable seal can 
both be formed by heat sealing, and advantageously 
can be formed simultaneously during a packaging op- 
eration. 

10 poi2] in accordance with a particularly preferred 
method of the Invention, which can be used in VFFS and 
other applications, a continuous web of the sheet mate- 
rial is advanced and a leading portion of the advancing 
web is folded and has its longitudinal edge portions 

is sealed together to form a tubular structure. A transverse 
seal Is formed across the tubular structure to form a first 
end seal for a package and the product is placed Into 
the package before or after the first end seal is formed. 
A second end seal on the opposite end of the package 

20 is then formed along with the re-sealable seal, and the 
resulting package Is severed from the remainder of the 
web. Advantageously, the first end seal for one package 
and the second end seal and re-sealable seal for the 
adjoining package can be formed simultaneously. 

25 [0013] In an alternative method embodiment of the in- 
vention, the web is advanced and Is folded Into a tubular 
shape, and the opposite longitudinal edges are sealed 
together with both a permanent seal and an adjacent re- 
sealable seal having the construction described above. 

so One permanent end seal Is formed transversely across 
the package, and the contents are placed in the pack- 
age, and the o pposlte permanent end seal Is formed and 
the package Is severed from the rest of the web. 
[0014] Preferably, the package and method of the m- 

35 vention also Include the formation of an easy-open fea- 
ture located between the permanent seal and the adja- 
cent re-sealable sear, enabling the package to be easily 
opened to gain access to the contents. In a preferred 
embodiment of the Invention, the easy-open feature en- 

40 abies the part of the package having the permanent seal 
to be torn off the package so that the re-sealable seal Is 
ail that remains for sealing the package opening. The 
consumer can then open the re-sea table seal, remove 
a portion of the contents, and reclose the package by 

45 operating the re-sealable seal. Alternatively, the easy- 
open feature may create an opening through the sheet 
to enable the userto then open the re-sealable seal with- 
out tearing the permanent seal from the package. The 
easy-open feature may comprise a perforation, a tear 

so strip, a mechanically formed or laser-formed scoreline, 
or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

65 [001 5] The above and other objects , f eatu res , and ad- 
vantages of the invention wilt become more apparent 
from the following description of certain preferred em- 
bodiments thereof, when taken In conjunction with the 
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accompanying drawings in which: 

FIG. 1 is a fragmentary perspective view of a pack- 
age In accordance with an embodiment of the 
present invention, showing the end of the package 
having the regardlng-sealable seal and showing the 
seal being opened; 

FIG. 2 Is a plan view of the packaging sheet used 
for forming the package of FIG. 1 , shown in an un- 
wrapped, flat condition; 

FIG. 3 is a cross-sectional view through the re-seal- 
able seal, showing the seal In a closed condition; 
FIG. 4 is a view similar to FIG. 3, showing the re- 
sealable seal In an open condition; and 
FIG. 5 Is a schematic depiction of an apparatus and 
process for lorming a flexible packaging sheet for 
use In making packages in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0016] The present invention now will be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the in- 
vention are shown. This invention may, however, be em- 
bodied in many different forms and should not be con- 
strued as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this dis- 
closure will be thorough and complete, and will fully con- 
vey the scope of the Invention to those skilled In the art, 
Like numbers refer to like elements throughout. 
[0017J The present Invention represents a further de- 
velopment of the technology disclosed In the parent ap- 
plication Serial No. 090203,269. The disclosure of the 
'269 application Is not repeated herein for the sake of 
brevity, but Is Incorporated herein by reference. 
[0018] FIG. 1 depicts a package 10 In accordance 
with one preferred embodiment of the Invention. The 
package 10 Is formed of a flexible sheet 12 which can 
suitably be made of one or more layers of flexfole ma- 
terials Including one or more of polymers, metal foils, 
papers, and the like, as further described below. The 
sheet 12 is shown In an unwrapped, flat condition In FIG. 
2. The surface 1 4 of the sheet visible in FIG. 2 forms the 
Inner surface of the package 1 0, and Is referred to herein 
as the Inner surface 14 of the sheet. The opposite outer 
surface 1 6 of the sheet Is visible In FIG. 1 . The package 
10 Includes a permanent longitudinal fin seal 18 formed 
by sealing the inner surface 14 of the sheet along one 
longitudinal edge portion 20 to the inner surface of the 
sheet along the opposite longitudinal edge portion 2Q\ 
thus forming a tubular structure. Alternatively, the longi- 
tudinal seal 1 8 could be a lap seal rather than a fin seal. 
A first end seal 22 Is formed transversely across this tu- 
bular structure adjacent a first edge 24 of the sheet 12 
to close one end of the package. A second end seal, 
similar to the first end seal 22, Is formed across the tu- 
bular structure adjacent the opposite second edge 28 ol 



the sheet to close the other end of the package. The 
longitudinal and end seals are sometimes referred to 
herein as "permanent" seals, which is not meant to Imply 
that the seals are Impossible to open, but rather denotes 
5 that they are designed to be sufficiently strong by them- 
selves to remain sealed until the consumer opens them. 
In other words, a "permanent* seal as referred to herein 
is a typical type of seal (e.g., a heat seal) commonly 
used in sealing packages of the descrtoed type. 
10 [poi g] A re-sealable seal 80 Is formed proximate, and 
preferably spaced Irom , the first permanent end seal 22, 
the re-sealable seal 30 extending generally parallel to 
the first end seal 22. The construction of the re-sealable 
seal 30 is explained with reference to FIGS. 2 and 3. 
13 The re-sealable seal 30 Is formed by a layer of pressure- 
sensitive adhesive (PSA) applied to the Inner surface 
1 4 of the sheet In two discrete regions 32 and 32' spaced 
a small distance from the first edge 24 and spaced on 
opposltesldes of a center region 34 of theinner surface. 
20 The re-sealable seal 30 further Includes a heat seal 
coating 36 applied to the Inner surface 14 of the sheet 
so as to cover the PSA In the regions 32, 32* and so as 
to also cover the center region 34 of the Inner surface 
located Inward of the PSA regions 32, 32\ When the 
25 longitudinal edge portions 20, 20" of the sheet are 
sealed together to form the permanent fin seal 18, the 
sheet is folded about longitudinally extending fold lines 
38, 38* so as to position the PSA regions 32, 32' In op- 
position to the heat seal coating 36 on the center region 
30 34 of the sheet. The re-sealable seal 30 is formed by 
sealing the seal coating 36 that covers the PSA regions 
32, 32' to the seal coating 36 that covers the center re- 
gion 34. Furthermore, the first end seal 22 Is formed by 
sealing together the Inner surfaces of the sheet on the 
35 opposing portions along the first edge 24. 

[0020] FIG. 3 depicts a cross-section through the first 
end seal 22 and re-sealable seal 30. For clarity, the var- 
ious layers of materials are shown with greatly exagger- 
ated thicknesses. The first end seal 22 preferably Is 
40 formed by a layer 40 of heat-sealable polymer material 
that forms the Inner surface of the sheet 12. The heat- 
sealable layer 40 Is laminated to a barrier layer 42 of the 
sheet via an intervening adhesive layer 44, The heat- 
sealable layer 40 can comprise various materials, in- 
45 eluding but not limited to oriented high-density polyeth- 
ylene (OHDPE), oriented polypropylene (OPP), orient- 
ed polyester (OPES), cellophane, blown polyethylene, 
cast polypropylene (CPP), metallized versions of any of 
the aforementioned films, and others known in the art. 
so The barrier layer 42 is optional, and when present, pref- 
erably provides a barrier against liquids and preferably 
also against gases, and can suitably be formed of, for 
example, polyethylene teraphthalate (PET) or the like. 
The package sheet preferably also Includes one or more 
55 outer layers for providing abrasion resistance, strength, 
a print surface, etc., which outer layers can comprise 
various materials Including OPP, OPET, cellophane, foil, 
paper, and the like. The end seal 22 Is formed by heat 
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sealing the heat-sealable layers 40 on the opposing por- 
tions of the sheet to each other. The end seal at the op- 
posite end of the package and the fin seal 18 (FIG. 1) 
are also formed In this same manner. 
[0021] The re~sealab!e seal 30, In the sealed condi- 
tion depicted In FIG. 3, has the heat seal coatings 36 on 
the opposing portions of the sheet sealed to each other. 
Underlying the seal coating 36 on one of the sheet por- 
tions is the pressure-sensitive adhesive 32. The bonds 
between the heat seal coatings 36 and between the heat 
seal coating 36 and the underlying pressure-sensitive 
adhesive 32 are stronger than the bond between the 
pressure-sensitive adhesive 32 and the sheet portion to 
which It is applied. Accordingly, when the two opposing 
sheet portions are pulled apart, the pressure-sensitive 
adhesive 32 becomes detached from the sheet portion 
to which It was applied and remains with the other sheet 
portion, as shown In FIG. 4. The re-sealable seal 30 can 
then be re-sealed by pressing the sheet portions back 
together to cause the pressure-sensitive adhesive 32 to 
be reattached to the opposite sheet portion . 
[0022] The press u re-sens Itfve adhesive 32 can be 
any suitable composition providlngsufflclenttackto hold 
the opposing portions of the sheet In face-to-face rela- 
tion and prevent inadvertent opening of the package af- 
ter It has been reclosed. Where food is to be contained 
In the package, the pressure-sensitive adhesive must 
be approved for use by the FDA In accordance with 21 
C.F.R. 175.300. Two suitable compositions available 
from ATO Flndley, Inc. of Milwaukee, Wisconsin, Include 
CX-7106H01 and CX-7119H01 pressure-sensitive ad- 
hesh/es. 

[0023] The seal coating 36 can be formed of various 
heat seal coating materials. As an example, the seal 
coating 36 preferably comprises the C4251 A heat seal 
coating available from ATO Flndley. 
[0024] In accordance with a further preferred embod- 
iment of the Invention, the first end seal 22 can be torn 
from the package 10 by operating an easy-open feature 
50 (FIG. 3) located between the first end seal 22 and 
the re-sealable seal 30. The easy-open feature 50 can 
comprise a line ot perforations through the sheet 12, a 
tear strip formed in the sheet, a mechanically formed or 
laser-formed scoreline, or the like. In FIG. 4, the first end 
seal 22 has been torn from the package by operating 
the easy-open feature 50. 

[0025] in a preferred method for making the packages 
of the Invention, a continuous web of sheet material Is 
advanced and formed into packages as further de- 
scribed below. Advantageously, the web comprises a 
laminate having the barrier layer and heat-seal layer as 
described above. As schematically Illustrated In FIG. 5, 
the web advantageously Is manufactured In a printing 
press having a plurality of stations for performing vari- 
ous printing, laminating, and adhesive application func- 
tions. A first layer 70 that forms the outermost layer of 
a resulting package is passed through a plurality of print- 
ing stations 72 where identifying graphics and/or Indicia 



are printed on the outer surface of the layer. Where the 
package sheet comprises a lamination, the layer 70 Is 
then passed through a laminating station 74 where It is 
laminated to a heat-seal layer 76. Adhesive Is applied 
s to the outermost layer 70 <or, alternatively, to the heat- 
seal layer 76) at an adhesive applicator 82 and the out- 
ermost layer 70 is then laminated to the heat-seal layer 
76. Alternatively, the layers 70 and 76 can be laminated 
together prior to having the graphics and/or Indicia prirrt- 
10 ed on the outer surface of the outer layer 70. 

[0026] After exiting the laminating station 74, the re- 
sulting laminate 68 passes through a pressure-sensitive 
adhesive applicator 86 where pressure-sensitive adhe- 
sive is applied to the Inner (product-facing) surface by 
" a cylinder 90. The cylinder 90 has an etched or ma- 
chined surface configured to apply the pressure-sensi- 
tive adhesive In a desired pattern, such as the pattern 
shown In FIG. 2. The laminate 86 Is then passed through 
an oven 92 where the pressure-sensitive adhesive is 
20 dried. Next, the heat-seal coating is applied at an appli- 
cator 94 having an etched or machined cylinder 96. Fi- 
nally, the laminate is passed through a second oven 68 
to dry the heat seal coating, and the finished web Is 
rolled onto a spool 99 for later use. The resulting roll 100 
25 of web material may subsequently be processed by any 
suitable packaging machinery for forming packages In 
accordance with the invention. 
[0027] Many modifications and other embodiments of 
the Invention will come to mind to one skilled in the art 
so to which this Invention pertains having the benefit of the 
teachings presented in the foregoing descriptions and 
the associated drawings. For example, although the Il- 
lustrated and described package 10 has the end seal 
22 disposed closer to the end of the package and the 
3s re-sealable seal 30 spaced farther Inward from the end 
ot the package, the locations of the end seal 22 and re- 
sealable seal 30 could be reversed such that the re-seal- 
able seal 30 Is the one closer to the end of the package. 
In which case the easy-open feature 50 could be omlt- 
40 ted. Other modifications can also be made to the illus- 
trative embodiment. Therefore, It is to be understood 
that the invention Is not to be limited to the specific em- 
bodiments disclosed and that modifications and other 
embodiments are intended to be included within the 
45 scope of the appended claims. Although specific terms 
are employed herein, they are used In a generic and de- 
scriptive sense only and not for purposes of limitation. 



so claims 

1 . Aflexlble package tor containing a product and hav- 
ing a redosable opening feature, comprising: 

65 a flexible sheet having a heat-sealable material 

on an inner surface of the sheet at least along 
opposite longitudinal edge portions and along 
opposite end edge portions of the sheet, the op- 



9 



EP 1 167 220 A2 



posite longitudinal edge portions of the sheet 
being heat sealed together to create a perma- 
nent longitudinal seal so as to form a tube hav- 
ing opposite first and second ends; 
a permanent first end seal formed proximate 5 
the first end of the tube so as to close the first 
end, and a permanent second end seal formed 
proximate the second end of the tube so as to 
close the second end, the permanent end seals 
being formed by heat sealing the heat-sealable w 
material on opposing portions of the Inner sur- 
face of the sheet together; and 
a re-sealable seal formed proximate one of the 
permanent seals, the re-sealable seal being 
formed by a pressure-sensitive adhesive ap- « 
plied to a first region of the inner layer of the 
sheet proximate the one permanent seal and a 
heat seal coating applied over the pressure- 
sensitive adhesive so as to cover the pressure- 
sensitive adhesive, and a heat seal coating ap- 20 
piled over a second region of the Inner surface 
of the sheet, the first and second regions of the 
Inner surface being placed In contact with each 
other and having the heat seal coatings thereon 
heat sealed together. 

2. The package of claim 1, wherein the re-sealable 
seal is formed adjacent the first end seal. 

3. The package of claim 2, wherein the first region of 
the sheet to which the pressure-sensitive adhesive 
Is applied comprises two separate areas spaced on 
opposite sides of a center region of the sheet, and 
the second region of the sheet occupies said center 
region, and wherein the sheet is folded so as to 
place said two separate areas in contact with said 
center region for forming the re-sealable seal. 

4. The package of claim 2, wherein the first end seal 
Is adjacent an edge of the sheet and the re-sealable *o 
seal Is spaced from the first end seal In a direction 
toward the second end seal. 

5. The package of claim 4, further comprising an easy- 
open feature formed In the sheet between the first « 
end seal and the re-sealable seal. 

6. The package of claim 5, wherein the easy-open fea- 
ture is operable to enable a portion of the package 
having the first end seal to be torn off the package » 
without disturbing the re-sealable seal. 
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